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RE0ISTRI8UTI0N  REACTIONS  OF  METHYLS ILOXAHES  CATALYZEO  BY  TRANSITION 
MCTAL  COMPLEXES.1 


Wayne  A.  Gustavs on,  Paul  S.  Epstein,  and  N.  D.  Curtis,*  Department 
of  Chemistry,  The  University  of  Michigan,  Ann  Arbor,  NT  48109. 


ABSTRACT 

Redistribution  reactions  of  a  variety  of  hydrogen-substituted  slloxanes 
sre  catalyzed  by  various  transition  aetal  coaplexes  of  Irldlua  and 
rhodlua.  The  products  arise  froa  breaking  and  rcaaklng  of  S1-C,  S1-H, 
and  S1-0  bonds.  Slloxanes  not  possessing  a  S1-H  bond  are  Inert  under 
the  conditions  studied.  The  aost  favored  reaction  pathway  appears  to 
preferentially  scraable  the  groups  directly  attached  to  the  silicon  bear¬ 
ing  the  hydrogen  atoa.  A  new  cyclo-lrldladlslloxane,  Lg(C0)(H) — > 
fr(S1MeR0?1NeR)  (L  ■  Ph^P,  R  *  Me^SIO)  Is  reported.  This  coapound  exists 
In  three  Isoaeric  forms  as  a  consequence  of  the  spatial  arrangements 
of  the  R  and  Me  groups  on  the  ring. q— ■  ~ 
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|  1NTRQ0UCT10H 

In  an  investigation  of  scali-ring  netallacycles,  Curtis  and  Gretna1  found 
that  cyclo-wotalladisiloxanes,  war*  catalysts  for  the  disproportionation 
I  of  tatrasathyldislloxana  (E*E*)2  into  dinethylsilane  and  oligoneric  siloxanas 

(E'OijE')2  (eq.  1). 


1 

(HNa2S1)20  — — >  HtjSIHj  ♦  WtejSMOSiHajJjjOSiHajH 

(E'E*)  (E'D^E*) 


0) 


UW 

Ja  (Ph|P)2(CO)(H)tr 

]b  (FhjPjjFt 

Jc  (Ph/^d 


A  nachan1s«  was  proposed1**0  in  which  the  strain  in  the  four  Menbered  ring 
assisted  the  scission  of  an  S1-0  bond  In  ^  to  give  reactive,  coordinated 
sllylene  and  sllanone  inte mediates.  The  crystal  structure  of  la  lent  support 
to  the  argument  that  the  S1-0  bond  is  weakened  in  the  netallacycle.3 

The  proposed  Mechanise  dealt  specifically  with  the  Iridiun  cowplex,  la, 
but  could  be  extended  to  soae  of  the  other  complexes  with  aiinor  Modifications. 
SoMt  consequences  of  the  proposed  Mechanise  are  that:  (1)  only  those  siloxanes 
possessing  the  1,3-dihydrldo  functionality  would  undergo  facile  redistribution 


sine*  only  the  Sf-H  bond  reacts  readily  with  the  low  valent  metal  complexes, 
and  the  1  .J-arrangeoent  is  necessary  to  fom  the  four«mew&»r«d  ring;  (2) 
only  S10/H  exchange  (see  below)  should  occur,  and  (3)  the  oligomers  are 


formed  sequentially,  l.e.,  2CT  *  TOC'  ♦  Ne^SfM^;  E*E*  ♦  E‘0E‘  *  E’DjE*  ♦ 
MejSiHj;  £*£*♦  V Of  -  E’OjE*  ♦  HbjSiHj,  etc. 

The  general  features  of  the  !r-caUly»d  reaction  teemed  to  fit  all  these 
requirements,  at  least  at  low  conversions. lc  After  longer  reaction  times, 
various  secondary  products  were  observed.  In  order  to  further  characterize 
the  redistribution  reaction  and  the  effects  of  using  different  metals  and 
different  silanes,  the  present  wort  was  undertaken.  The  results  show  that 
the  reaction  Is  much  more  complex  than  originally  thought  and  that  the  originally 
proposed  metallacycle  mechanism.  If  It  Is  operative  at  all,  cannot  be  the  only 
mechanism  whereby  the  groups  on  silicon  are  redistributed. 

feggia sg£ 

All  manipulations  Involving  solutions  of  catalysts,  reaction  mixtures,  etc. 
were  done  with  standard  Schlenk  techniques  under  a  nitrogen  atmosphere.  Proton 
and  tm  spectra  were  recorded  on  a  Jeol  JW-PS-100  spectrometer  or  on 

a  Vartan  T-60A.  fas  chromatograms  were  obtained  on  an  Antek  100,  dual  column 
Instrument  equipped  with  a  thermal  conductivity  detector.  Recording  and 
Integration  of  the  GC  spectre  were  accomplished  with  a  Hewlett  Packard  3380A 
integrator-plotter.  The  analytical  column  employed  wos  Id*  x  1/8*  S.S.  packed 
with  St  SC-30  on  Chromoso rb  MHP  80/100.  The  carrier  ges  wos  He  at  e  flow  rate 
of  10  m/arin.  Typical  GC  conditions  are:  Injector,  « 0*;  Detector,  300*; 
temperature  program:  2  min.  at  40*,  then  Increase  at  <*/■<"•  to  IK*.  The 
preparative  GC  col  wan  consisted  of  15*  *  1/4"  S.S.  packed  with  201  SC-JO  on 


*4* 


Chronosorb  A  40/60. 

Nits  ip*ctr<  aff*  recorded  on  «n  A£J  HS9Q2  ((Mire  components)  or  on  the 
Finnegan  4000  guadmoolt  spectroneter  interfaced  to  «  loupe  retort  programmable 
6C  column.  the  whole  boing  controlleJ  by  the  (NCOS  date  acquisition  system.* 

When  operating  In  the  GC/hS  oodt.  the  spectra  were  typically  *  enhanced*,  a 
procedure  whereby  the  coepeter  subs  tracts  out  peats  which  are  judged  to  be 
background  on  the  basis  of  their  east  chromatograms.  Parent  ions  were  located 
either  by  ease  chromatography  (mass  vs.  tint)  or  by  chemical  ionisation  techniques.* 

In  cases  where  mess  spectrometry  alone  would  not  resolve  the  identity  of 
a  compound,  e.g. ,  between  the  i toners  1*006*  end  60*0*6,  the  substance  in 
question  wet  isolated  by  preparative  OC  and  analyzed  by  *N-  and/or  (\4MK 
spectroscopy.  Once  the  Idomtily  of  a  compound  wet  established.  Its  moss  spectrum 
was  stored  le  the  computer  library.  Future  occurences  of  the  compound  in  min¬ 
iums  could  then  be  established  by  conpering  Its  mass  spectrum  with  the  library 
spectnm  peek  for  pooh. 

The  following  code  will  be  used  (e  the  Tobies  to  indicate  tho  manner  in  which 
various  substances  were  Identified:  1  -  Conparisoe  of  OC  retention  times 
end  conpwfter  matching  of  the  mess  spectra  to  those  of  authentic  samples,  2  * 
as  in  method  1  plus  the  isolation  of  the  product  by  preparative  OC  and  analysis 
of  Its  V  end/or  spectra,  3  -  analysis  based  on  comparing  OC  re  tent  ion 

times  end  IB  fragmentation  patterns  with  similar  substances  according  to 
empirical  rules  developed  In  the  coarse  of  this  uort*  and  by  others*,  4  * 
as  in  methods  1  or  3  plus  substitution  of  Ph  by  Ph-dj. 

Starting  silonenes  were  purchased  from  Petrarch  end  went  distilled  prior 
to  uso.  TetranethyldHf  lotene  was  prepared  by  hydrolysis  of  Ne^SiHCI, 
obtained  from  Dow  Coming  Corp.  Yaska's  and  Wilkinson's  completes,  L?(C0)C11r 
and  IjAhCI ,  respectively,  were  prepared  by  literature  methods/'*  benzene 


[• 


I 


1 


I 


I 


dried  o«er  pouts »u>MbcntopVnone  end  distilled  under  ^  immediately  prior 


to  use. 


Synthesis  of  Hbrdrido  »!  ,Mtrens-bis(l  .>»trieeOwlsno*y)» 
l,$-dln»ti*ildftt10MnodtylIg*rba«iyIbU(tHphonylpaMoMne)irldiiin(mi  J 
C2(CQ)(N)l7(SiWi«»il«i|)ojiHt(0SiWn)).  y  VesU's  couple*,  t,(CO)Cllr 


(0.1f.  0.8  molt)  mm  slurried  !■  10  el  of  bootee*.  Then,  0.4$  p  (l.$  noli) 
of  l.l.l.J.$.7,?,7-oct4M»tbyltetrotHo«eeo  (C0*0*O  mm  added  to  five  «  cloud/. 
/•How  solution  wbice  boceno  door  tip  booted  to  reflu*.  After  stirrlnp  ot 
reflux  for  1  br. .  tbo  to  treat  MM  rouonod  under  WOO  to  fire  on  oft. 


Irttwrottoe  wit*  bontono/pot.  ttlor  |o«*  •  ubtto  solid,  *.p.  I $8- 160*.  ie  70S  yield 
bosed  on  Ir.  Tbe  10  I0U  VflP*  of  7  ie  tbo  $<M|  repine  consists  of  two  brood 
poobs  et  40. •  end  0.1  end  e  sberper  poet  ot  40.7.  Cedi  of  Obese  poets  is 
ebeioosljr  composed  of  ouerloppinp  ewosoleod  pools. 

vet.:  Co  led.  f,r  ,fWV  *♦** **l01i 

SI,  10. 8$;  I r,  18.77.  found:  C,  17.04;  R,  $.48;  f,  8.10;  $i,  10.70;  tr,  17.70. 

Tbo  SlOSl  strotcb  occurs  net.  Stroup  bond  between  1000  *  1100  cu'V 

*|vf|:7Qi0tsh  ^  lt8f<s)  on"1. 

Redistribution  Inactions.  Tbo  conditions  for  end  run  ore  luted  es 
footnotes  In  tie  Table*.  A  typical  procedure  is  described  be«*.  Tetrernttbyl- 
dls Hexene  (7.1  nl,  47  nwlo)  mm  edded  to  e  bento *e  solution  (7$  ni) 
contafnlnp  700  «8  (0.7C  molt)  of  (fb^),(C0KHr  under  e  Rf-at*oseVf«  TV 
reaction  flesl  mm  toulpped  wit*  e  toflu*  condenser,  «j  inlet,  end  en  ell  bubbler 
(etteebed  et  tbe  top  of  tbe  condenser  end  connected  to  IV  R^  *•**•  Wrwjli 
e  T-Joint).  Oerinp  tbe  reaction,  e  statu  »**  bloVrt  *»#s  maintained  in  tv 
reaction  uessel.  tbe  flesl  mm  i named  in  e  constant  temperature 


* 


b4t*  for  «  gi«oo  tin*.  Tfco  bull  Of  l  Of  tolvoot  wit  U**t 

distitlod  off  tfd  too  tolvoot  fraction  ood  pot  roil duo  oottysod  Pjr  GC  or 

(C/NS.  Tkii  coocootrotfoo  Stop  ollOMOd  for  botcor  dotonriootio*  of  frfoor 


COWpOOOOtl. 


Ktoottc  loo,  to  tfeooo  como  «*oro  Uo  M*ot<ci  of  t*o  rodiftritwtioo 
rooctloos  «oro  dotonriood,  Uo  rooctioo  DmI  mm  «Im  fittaod  witfe  o  4  mm 


d*  oootor  fidhiio  tippod  mIU  o  top  too  for  1C  Moptiop  dortop  Uo  eoorto  of 
too  rooctioo.  to  oddi c too,  o  moiptod  momt  of  iotonol  tuodord  (o-Ooptoro 
or  woctoo)  moo  oddod  to  Uo  uod  tolotfoot  of  cototyn. 


ToOlot  1-If  Iftt 


Of  too  pro  doc  to 


MOHOMi  lUOMOM 


co^itotoy  oo  Si-0  pood  oro  trot  tod  «ttfe  uootUoi  ootol 
cooptoaofc  to  oddi t too  to  too  cooptoaot  Him,  wont  otOort,  o.«>, 
fcJ(C0)4CIJ.*»J(Cyi4),Clr  *M  Ij/tdiUjjOlintjt  (l  • 

PfejP  wlotl  nptlclttf  fttotod  OtMortw),  OtM  MOTO  fOMOd  to  Cllltfl*  tot  IO* 
difttriOMttoo  of  loWiUytdtH looooo,  IT.  Moor,  Wo  product*  oro  nwattitty 


oro  toon 


M  tooM  1 1* tod  to  lotto  t, 


ofetcfe  do  oot  Pom  ot  tout  oao  Sf-oi 


coodltlooo  dncriood  to  foilot  I- If.  ftoo,  lj,  •*,  ft,  ood  GDC  noli  «rv*o 
to  too  prtoooco  of  too  tvoootttoo  ootol  copttwi  «*icO  comm  nftttrtMiw 


of  pydrtoo-otlooooos  ffeooo  porootftyHt  looooo*  oro  otto  toon  to  tfw  pvwnot 
of  o  Adrift  tttooo  ood  too  troMtttoo  ootol  coop  to*,  into  lottor  dwmttM 
wt«  oot  two  po**tfetftty  toot  too  dwrw4  roocttoo*  occor  o*  o  m«H  of 
cotolytt*  fey  octdtc  ootol  *l|Oid«*  fferood  to  top  rvoctfo*  ***t**t. 


ffeooo  pofootOylott 


o*  o  molt  of 


\ 
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At  Table  I  ihotrt.  #11  ii»e  red»*tribg.t»oft  promts  of  £*£*  ««/  be  rational  ued 
i«  irififM)  free*  e*cfc4« jr*  of  gro^bt  ♦dj*«*t  to  tbe  Si-H  function#! ity 
(#  «. .  (4*  2.3;  •*  *  MWriHM. 


*  jr 


SiQ/M 

ticbionn  * 


(roc-) 


SiQ/Me 

»*•*  C*)st3|  •  r»di|Si»i  »-n»(»»)Sir  *  n»,s»* 


Ci-o-i) 


(2) 


(3) 


A  util  StOiN  wttwp  oo  I  “Of  onto  |*C*  (orwoot  to  fM 

(bo  mt  MfDtr  iltpof  occortfiof  to  (4.  I  {»*  *  «%fSiO$l(%)y0*),  Com'****? 

n<»b|ft  •  *  rsin^ir  »  (<) 

cror)*  ti'Ojri 

to  (Mi  ooooor,  too  o1«90M»e%  t*M’  m  from  leoMtliUf  mi  }io/m  **(***90 

IMl  I*  by  for  (bo  toot  mctUO  Nlb«f  fr  do  tri4»*m  ciblftU 

•f  IT  rotftttriivtfao,  «NI  it  do  rmtiH  NtNtr  to  ocoon#  «rttb  «o 

tl,( 


(|tt«  wotbooloo  »rrrtoo>ly  l»»woi. 


HOMVfr,  M  miner  products  opptar  to  arts#  fro*  $I0/H»  arctaAp*  *$  tfcown 
f*  3.  OtJar  siaor  products,  i.f  •  tla  cyclic  ollpaiart  Oj  wd  0^,  con 
bo  #c court ltd  1 or  on  lb*  buil  of  «o  tataroal  SIO/M  tich«i9l  «  shown  i« 

04.  ft  (1.0..  rO^.,1*  *  IfcjftiM,  ♦  Dp). 

<U,cr*  —*«**«,  ♦<***<*>.  « 

•Httor  SIQ/Hi  aadaopo  m r  tko  lotoroot  StO/N  oudeapo  of  oq.  •  cm  bo 
Bccaaadotod  ooofly  fey  tfeo  aoullacyclo  Mcfeartoa.  Aldaupb  tfeoro  could  fee 
t»c  so  aoro  ndwriM  oporotivo,  •  footer  cm  looolvlai  aataltocyctos  t*lc* 

•lot  tfeo  all  product!  aad  floor  onto  socaoatlap  Ibr  da  ooHous  irioor  products. 
It  mm  aoro  1 1taly  tat  tfe*  uoullocrctos  mo  oof  directly  tmoluod  im  do 
catalytic  eye  I*. 

tutu  it#  Ir-cotalyxod  raoctloos  tfeaua  la  Tafela  I.  SfQ/w  aocfeaapt  accounts 
far  lit  of  da  products  sfeaa.  Qaljr  UK  of  tia  products  from  do  tb-entatyaod 
roaettea  (Tout*  I)  caa  fet  ottiibotad  ta  SHW  aadoapa.  da  tb-caulyaad 
roaetlao  alia  das  out  yto  da  product  distribution  prodlctod  or  da  basis 
uf  n a— till  allpaar  Urartian,  t'K*  *  Vtf*  *  V f\  ate.  As  ffpuro  t 
s haws,  tfea  allfaar  (*1^1*  it  la  proal ar  caacaatretfaa  dao  C*K*  at  all  tfras. 
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netoHocycle  nechOAff*  predicts  the  initial  concentration  of  rOC  to 
bo  higher  thou  thot  of  rOjC*  since  COT  it  too  initial,  "1st  tumorer*  product. 
Nance,  mm  other  nochonls*  mnt  bo  operative,  even  for  SfO/H  exchange.  with 
the  rhotfiuio-besed  catalysts.  (No to:  oxygon  balance  requires  throo  noles  of 
I’l*  to  prodico  om  of  t'DjT  no  natter  what  tho  eechontsn.) 

Ibo  tlloMnet,  pentonethyldisf loxone  (a*)  and  hexoBethyltrisflaxone 
(i*0C*).  woro  subjected  to  redlstHbetlon  conditions  with  IjtQDCIIr  os  catalyst. 

(I*  dm  Ml  Novo  tho  second  hydrogen  necessary  to  fom  •  four  w—bertd  neullacyct* 
ood  I* Of’  lot  boo*  shown  to  five  tho  six  wonborod  ootollocyclo.  ?.,c 

dir 

0 

i  t  \  / 

\|  ^$1— 0^  / 

lf(C0Ktlr  •  ror  -  ilrd  ^S»v  (6) 

n  /\ 

(?) 

Tim#  ittonm  nadirfe  redistribution,  olthoegf*  ot  o  fit#  slowor  then  thot 
h»r  IT.  ftpere  ?  thaws  o  graph  of  concentration  rt,  tiwo  for  tho  redistribution 
of  It*  ond  IT.  These  carrot  pro  typical  for  oil  tho  redistribution  reactions 
ttwdiod  to  doto.  fhtro  It  on  Initio)  rapid  drop  in  stlexene  concentration, 
thon  on  abrupt  breeft  followed  by  o  slow,  tero~order  reaction,  The  cere-order 
rote  mounts  iron  tho  doU  In  flgere  f  ere  t  *  10**  and  8$  *  10*5  mole/nVnin 
for  it*  ond  re*,  respect  1  roly.  Dividing  by  the  concentration  of  coUlyst 
fires  the  termor  nofem«  1.1  *  10*  *  ond  ti  a  10  ?  notes  sHorene/tote 
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catalyst/min. ,  for  EE*  and  £‘E',  respecti vely.  The  rate  for  E'E'  is  thus 
about  16  tines  that  for  ££'.  Whether  or  not  the  relatively  modest  rate 
increase  for  E'E*  is  due  to  the  operation  of  the  special,  metal 1 acyclic 
rechanisn  is  questionable. 

It  mis  also  observed  that  the  following  catalyst  precursors  all  gave  the 
sane  turnover  nuefaers  after  the  initial  abrupt  drop:  LjRhCl,  (acac)Rh(ethy1ene)2 
and  RhgfCOJjCIg.  This  suggests  that  the  final  catalytic  species  are  Identical. 

The  redistribution  products  of  pentamethyldisiloxane  (EE')  are  shown 
In  Table  II.  The  major  product  is  EO'E  which  most  likely  comes  from  an 
exchange  of  t  ri  methyl  si  loxy  for  methyl  on  EE*  (eq.  7).  The  unsymmetric 


'P 


iOSINijN 

(EE*) 


MejS10S1Me(H)0S1He3  ♦  Ne3SiH 
(EO'E) 


(7) 


nature  of  EE*  also  reveals  that  S10/S10  exchanges  must  occur,  e.g.,  eq.  8. 
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2  NtjS10S1N»2N  -  (NejSIJjO  ♦  (HHe2Si)20 


(EE*) 


(EE) 


(E'E*) 


(8) 


The  E'E*  disproportionate)  further.  In  fact,  all  of  the  "symmetric" 
oligomers,  E'D^E'  In  Table  II  most  probably  result  from  SiO/SiO  exchanges. 


Table  III  presents  the  redistribution  products  of  E'DE'.  One  of  the 
major  products,  E'D2E',  is  again  most  probably  formed  as  a  result  of  the 
SiO/SiO  exchange  shown  in  the  Table.  The  other  major  product  is  the  cyclic 
lOtnMtr,  DjO' .  If  this  cyclic  forms  from  an  internal  exchange  (cf.  eq.  5), 
then  its  precursor  is  E'DD'DE1,  the  expected  first  turnover  product  result¬ 
ing  fro*  the  SiO/Me  exchange  shown  in  the  Table.  If  this  scheme  is  correct, 
then  the  E’OD'DE*  must  cyclize  nearly  as  fast  as  it  is  formed  since  its 
concentration  is  extremely  low  for  a  1st  turnover  product. 


CD'D'E  reacts  with  L2(C0)ClIr  to  give  a  mixture  of  the  metal lacycles 
3e«3c  (R  •  Ha^SiO).^  The  overall  composition  is  well  established  by  elemental 


0 

C 


Ir: 


/I 


(3b) 


Me 

-I- 

*Si  ■ 

I 

R 


(3c) 


Me 

I 

•Si, 

4- 


«Mlysts.  However,  the  VnMR  in  the  Si -Me  region  consists  of  a  set  of  over¬ 
taking  peaks  In  three  main  -bunches”  at  6  0.8,  0.6  and  0.2.  Five  peaks 
two  shoulders  are  distinguishable.  The  mixture  of  isomers  £-5  should 

give  a  total  of  tight  methyl  environments. 
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If  the  redistribution  reaction  of  ED'D'E  were  to  proceed  via  the  pre¬ 
viously  proposed  metallacycle  mechanism,  then  the  primary  reaction  products 
would  be  given  by  eq.  9  (R  =  Me^SiO).  The  oligomeric  siloxanes  should 


(n+1  )ED’D'E  -*•  ED'(-T-)nD‘E  +  n  RMeSiH2 

E 


have  pendant  Me3SiO  groups  along  the  polymer  backbone.  The  RMeSiH2  should 
disproportionate  very  rapidly  to  give  products,  e.g.,  MeSiH^j  and  ED'E  via 

Q 

R/H  (R  ■  Me^SiO)  exchanges.  However,  the  products  listed  in  Table  IV  are 
best  rationalized  by  assuming  that  both  SiO  bonds  adjacent  to  the  hydrogen¬ 
bearing  silicon  are  labilized,  not  just  the  central  Si^O  bond  as  would  be 
the  case  if  a  metallacycle  were  necessary  to  cause  labilization. 


Me3SiO- 


Me 

!  I 

■+-— Si  - 

!  I 


Me 

I 

•SiOSiMe. 

1 

H 


In  other  words,  EDJjE,  upon  its  interaction  with  the  catalyst,  supplies 
E,  ED2  ,  and  ED'  groups  for  exchange  with  SiO,  Si-Me,  and  Si-H  bonds. 

The  predicted  "1st  turnover"  products  are  then  given  by  the  following 
equations: 


i 


SiQ/SiO  exchanges: 


ED^E 


[E,  D'E,  ED1] 


ED'E  +  ED'E  +  ED'E 
3  4 


00) 


SiO/H  exchanges: 

EDAE 

E02'E  -  [E,  D'E,  ED']  - E - > 


E — T— DIE 

I  C 

DE 

(Si7H3) 


E-T-D'E  +  ET(D'E)2 
E 

(Si5H)  (Si6H2) 


Si 0/Me  exchanges: 

ED'E  -  [E,  0*E,  ED’]  ET'D'E  +  ET*(D'E), 

I 

E  (Si6H3) 

(Si5Hz) 

+  ET'D'E 

I 

D2'E  (si7h4) 


01) 


I 


(12) 


Of  the  predicted  possibilities,  ED’E  is  definitely  observed;  and  SigH, 

SigH2,  two  SigH2  Isomers,  and  an  S17H3  isomer  are  observed.  These  may  possibly 
correspond  to  the  underlined  species  in  eq.  10-12.  The  remaining  species  can 
all  be  rationaliied  as  "2nd  turnover"  products  resulting  from  E/H,  ED'/H, 


ED2/H,  etc.  exchanges  on  the  "1st  turnover"  products.  It  is  interesting  to  note 


that  the  SigH2  isomer  of  possible  structure,  ED' [T(E)]2D'E,  is  a  "2nd 
turnover"  product  according  to  this  scheme,  but  has  the  second  highest 
concentration  of  any  product.  This  same  phenomenon  occurs  in  the  Rh- 
catalyzed  redistribution  of  E'E'  wherein  the  "2nd  turnover"  product,  E’D2E' 
has  a  higher  concentration  than  the  supposed  “1st  turnover"  product,  E'DE' 

(see  Fig.  1).  In  any  event,  the  metal  complex  catalyzed  redistribution 
of  ED2E  leads  to  a  very  complex  mixture,  the  composition  of  which  is  con¬ 
sistent  with  the  notion  that  SiO  and  SiMe  bonds  adjacent  to  Si -H  bonds  are 
labilized  and  undergo  exchange  reactions. 

Finally,  we  note  that  the  metal  species  which  are  formed  in  the  presence 
of  S1-H  bonds  are  sufficiently  active  to  activate  the  C-H  bond  of  benzene 
to  substitution-^  Si.10  As  shown  in  Tables  I  and  II,  various  phenyl  sub¬ 
stituted  siloxanes  and  silanes  are  produced  along  with  the  rearrangement 
products.  That  the  benzene  solvent  is  the  source  of  these  phenyl  groups  in 
the  case  of  iridium  catalysts  was  demonstrated  by  using  CgDg  as  the  solvent. 
The  resulting  phenyl -containing  products  are  dg-substituted  and  their 
fragmentation  patterns  are  entirely  consistent  with  their  being  dg-phenyl 
groups.® 

SUMMARY 

Siloxanes  having  at  least  one  S1-H  bond  undergo  redistribution  reactions 
in  the  presence  of  certain  transition  metal  complexes,  especially  those  of 
Pt,  Pd,  Ir  and  Rh.  The  observed  products  are  formed  as  a  result  of  scrambling 
all  the  groups  attached  to  the  silicon  bearing  the  hydrogen  atom;  and,  to  a 
much  lesser  extent,  as  a  result  of  more  common  SiO/SiO  exchanges  as  observed 
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i 

with  acid  or  base  catalyzed  rearrangements. lb>11  It  appears  that  with  the 

transition  metal  catalysts,  SIO/Me  and  SiO/H  exchanges  are  faster  than 

|  SiO/SiO  exchanges,  so  that  these  redistributions  compliment  the  classical 

acid  or  base  catalyzed  redistributions.  Synthetically  useful  rates  and 

selectivities  have  been  achieved  recently  by  supporting  the  iridium  complexes 

12 

|  on  high  surface  area  oxides. 

The  nature  of  the  metal-sllyl  species  involved  in  the  catalytic  cycle 

is  unclear,  although  several  possibilities  have  been  discussed  in  some 

<  detail. lb  Likely  Intermediates  are  mono-  and  dlnuclear  silylene  complexes 

and  complexed  sllanones.  The  remarkable  stability  of  appropriately  substituted 

13 

sllylenes  has  been  demonstrated  recently,  and  silanones  are  commonly 

I--’.'  ‘  ;  f  5|4-  ■••••'■ 

postulated  as  Intermediates. 
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